Although OPPs as a whole are not the most toxic pollutants, they can be traced in a wide range of surface water, fruit, vegetables and foodstuffs. 5 For fast monitoring of the environmental contamination caused by OPPs and for accomplishing risk assessment, sensitive, rapid and simple analytical methods are paramount. 6 Solvent sublation was originally introduced by Sebba 7 as an auxiliary method to ion flotation. It is a kind of adsorptive bubble separation technique, in which the hydrophobic compounds in water are adsorbed on the bubble surfaces of an ascending gas stream and then collected in an immiscible liquid layer (usually an organic solvent lighter than water) placed on top of the water column. This method, with its advantages of simultaneous separation and enrichment, attracts much attention in the fields of environmental analysis and wastewater treatment [8] [9] [10] [11] [12] [13] [14] [15] [16] recently. Solvent sublation has practical and theoretical advantages over other extraction methods (such as solvent extraction and solid-phase extraction). Firstly, the solvent sublation process is not limited by the equilibrium constant, so the recovery of trace substances can eventually reach 100%. Secondarily, in solvent sublation, the possibility of easy handling of large volumes of aqueous samples exists, whereby the concentration factors can easily exceed ratios of 100:1, thus making the techniques of great potential interest for the analysis of natural, residual and marine waters for trace substances. In addition, the phase stirring process associated with liquid-liquid extraction frequently leads to the formation of undesirable emulsions. In the solvent sublation process, however, emulsion formation is negligible owing to the absence of phase mixing process, so that the solvent sublation method can offer high selectivity, simplicity and rapidity. It is therefore very likely that in the next few years this technique will attract much closer attention from analytical chemists.
In this paper, the OPPs from vegetables were separated and enriched by solvent sublation successfully.
were investigated in this work. Their chemical structures and molecular weights are shown in Table 1 .
As shown in Table 1 , the structures of these OPPs have hydrophobic groups, they can be adsorbed on the bubble surfaces of an ascending gas stream and then dissolved in some kinds of organic solvent placed on top of the water column. Therefore, they are suitable for solvent sublation. In this work, the effects of organic solvent, nitrogen flow rate, pH of the solution and sublation time on the efficiency of OPPs solvent sublation were investigated in detail. The floated product in the optimal conditions was measured by GC-FPD. The proposed method was applied to vegetable samples such as cole and Chinese white cabbage with good results.
Experimental

Apparatus
A Mettler Toledo 320-S pH meter (Mettler Co., Switzerland) was used to determine the pH of the solution. A U-3010 UVVis spectrophotometer (Hitachi, Japan) was used to determine the absorption spectrum, and a SP-2000 UV-Vis spectrophotometer (Shanghai, P. R. China) was used to determine the absorbance of the organic phase. A KQ-100A supersonic wave purifier (Kunshan, P. R. China) and an AB204-N electron balance (Mettler Co.) were used. An Agilent 6890A gas chromatograph (USA) was used for qualitative and quantitative analysis of the floated product. Figure 1 shows the solvent sublation apparatus.
The apparatus consists of a glass cylinder equipped with a sintered glass disk (G4 porosity) at the bottom to generate small bubbles. The disk is connected to an N2 gas cylinder equipped with a pressure regulator by a fine pressure needle valve for controlling the gas flow. For accurately measuring the gas flow rate through the cylinder, a soap-bubble flow-meter was inserted into the cylinder. The cylinder, which with an inner diameter of 4.5 cm of part A and a capacity of 1000 mL, is designed for flotation. After flotation, deionized water is added to the cylinder to make the organic phase rise to part B, which has an inner diameter of 2.5 cm and a capacity of 15 mL, from which it can be easily removed.
Reagents and samples
Toluene, n-octanol, n-hexane, acetone, hydrochloric acid, sodium hydroxide, etc. (Beijing Chemical Reagent Factory, P. R. China) were all of analytical-reagent grade. The individual OPPs standards including malathion, dimethoate, chlorpyrifos and parathion-methyl (purity >99.99%) were obtained from Agriculture Environmental and Protective Academe (P. R. China). The stoke solution of each pesticide was 100 μg mL -1 in acetone. Working solutions of OPPs were diluted using deionized water. All solutions were stored at 4˚C in a refrigerator before use. The vegetable samples including pakchoi cabbage, spinacia, celery, cabbage, cole, lettuce and Chinese white cabbage were purchased from the market nearby.
Procedure
A 200-g portion of vegetables was weighed and cut up, and placed into a 500-mL beaker. A 400-mL volume of deionized water and 2 mL acetone were added, and the beaker was placed into a supersonic wave purifier for 25 min at 40 kHz. Then we filtrated the contents of the beaker and collected the filtrate. The same process was repeated once again. Then the two filtrates were combined, we adjusted the pH to 10 with 0.1 mol L -1 hydrochloric acid solution and 0.1 mol L -1 sodium hydroxide solution. This solution was transferred to a flotation cell, as shown in Fig. 1 , and OPPs were floated by bubbling nitrogen gas at the flow rate of 40 mL min -1 from the bottom of the cell for 70 min. The mixture was extracted into 5.00 mL of noctanol on the surface of the sample aqueous solution. The OPPs in the organic phase were determined by GC-FPD. In this work, the volume of organic solvent is 5.00 mL, and the volume of sample solution is 800 mL, so the enrichment ratio of OPPs is 160.
Results and Discussion
Pretreatment of samples Selection of pretreatment methods. Two methods of extracting OPPs from vegetables were compared. One is the supersonic extraction method, and the other is the digestion method. The experimental results showed that the extraction efficiency of the supersonic method was 3 times as much as that of the digestion method, and the extraction time of the supersonic method was 29 times less than that of the digestion method. Overall, the effect of the supersonic method is far better than that of the digestion method. So the supersonic extraction method was used for the pretreatment method of vegetable samples in this work. Effect of supersonic time. The experimental results showed that the supersonic efficiency increased with the increase of supersonic time before 25 min. After 25 min the supersonic efficiency was almost constant, so 25 min was a reasonable supersonic time in this work.
Optimization of the solvent sublation parameters
In this work, an ultraviolet-visible spectrometry was used for optimizing the parameters of OPPs solvent sublation, because it was more economical, rapid, simple and convenient than GC-FPD. The standard blend solution containing 3.75 μg L -1 of dimethoate, 3.75 μg L -1 of malathion, 7.5 μg L -1 of parathionmethyl and 7.5 μg L -1 of chlorpyrifos was used to optimize the parameters of OPPs solvent sublation. Absorption spectrum and organic solvent. The standard blend solution was determined with a U-3010 UV-Vis spectrophotometer for absorption spectrum (200 -320 nm).
As shown in Fig. 2 , the maximum absorbance of OPPs in noctanol is at 220 nm, so 220 nm was used as the measurement wavelength, and the absorbance of the organic phase was determined for optimizing the variables affecting the OPPs solvent sublation.
There are some restrictions in choosing an organic solvent. That is, the solvent should have high affinity with the OPPs, be lighter than a sample solution, and have a low volatility. Besides, it has to give a small background in the absorbance measurement. The sublation efficiency depends on the solubility of OPPs into an organic solvent in a solvent sublation. influence of organic solvents such as n-octanol, n-hexane and toluene were investigated for the effective sublation. As shown in Fig. 2 , n-octanol showed the best sublation efficiency for OPPs. pH of the solution. An experiment was performed by changing the pH from 3 to 12 with 0.1 mol L -1 hydrochloric acid solution and 0.1 mol L -1 sodium hydroxide solution. The OPPs were floated into n-octanol under other optimized conditions at each pH. From the experimental results, pH 10 could be selected as an optimum pH for the efficient sublation. Nitrogen flow rate. The bubbling of nitrogen is very important in every flotation method because the bubbles can float the hydrophobic analytes to the surface of the solution. As the bubbles rise through the gas diffuser, the hydrophobic analytes are adsorbed at the gas-liquid interface. When the bubbles reach the liquid-liquid interface, they are unable to overcome the interfacial tension immediately. Generally, the rate of gas-liquid interfacial area generation can be increased by generating smaller bubbles via a gas diffuser with smaller porosity or by increasing the gas flow rate. However, it is recommended that too high gas flow rates be avoided because of a turbulent mixing at the solvent-aqueous solution interface. Such a mixing can promote the redissolution of the hydrophobic analytes in the aqueous phase. Depending upon the extent of mixing at the solvent-aqueous solution interface, the organic molecule, ion-pair, soluble complex or precipitate may be extracted much more from the bulk aqueous solution to the solvent, and there may be less dissolution of solvent into the aqueous phase by a solvent sublation than in the case of solvent extraction. From the experimental results, the flow rate of nitrogen could be fixed at 40 mL min -1 in this experiment. Sublation time. The experimental results showed that the efficiency of OPPs solvent sublation increased with the increase of sublation time before 70 min. Generally, more and more floated product will be taken into the organic phase by increasing the sublation time. However, after 70 min the absorbance was decreased because some floated product will come back to the aqueous phase when the sublation time is too long. So the flotation time fixed at 70 min in this work.
Analysis of the floated product
The qualitative and quantitative analysis of the floated product was performed using an Agilent 6890A gas chromatograph with a split-splitless injector. In this work, a splitless injecting mode was adopted, and the sample solution was injected by manual injection and then measured by an electronic pressurecontrolled flame photometric detector with a sulfur filter. The system was controlled by computer and Chemstation software from Agilent. A HP-1 fused-silica capillary column (30 m × 0.25 mm i.d.) with 100% dimethyl siloxane (film thickness 0.25 μm) was used. The injector temperature was kept at 250˚C and the detector temperature was maintained at 220˚C. The column oven temperature was programmed as follows: initial temperature of 150˚C for 2 min, rising to 180˚C at a rate of 10˚C min -1 for 2 min and then to a final temperature of 250˚C (5˚C min -1 ). High purity nitrogen was used as carrier gas (18 psi) and make-up gas (11 mL min -1 ). Hydrogen and air were used as detector gases at 10 and 12 mL min -1 , respectively. The chromatogram of the OPPs standard blend solution (in acetone) is shown in Fig. 3 . The retention time of the floated product should agree with the retention time of the standard, so the components of the floated product can be confirmed.
Calibration curve and detection limit
The calibration curves were prepared with the standard blend solutions which were treated under the experimental conditions optimized above. The concentrations of standard blend solution are 1 μg mL -1 for dimethoate and malathion, and 2 μg mL -1 for chlorpyrifos and parathion-methyl, respectively. The corresponding calibration curves were obtained by injecting the standard blend solutions into the gas chromatographic system. The injecting volume of the standard blend solution was varied over a range from 0.2 to 1.0 μL, at 0.2, 0.4, 0.6, 0.8 and 1.0 μL levels, respectively.
Regression analysis was used to approximate the linearity of the calibration curves. Most of the analytes were found to be linear in the tested range, with correlation coefficients (R 2 ) from 0.9972 to 0.9991 ( Table 2 ). The limits of detection (LODs) for four OPPs were based on the lowest detectable peak that had signal/noise = 3. The results are also listed in Table 2 .
Determination of real samples
The optimized experimental conditions were applied to real samples to evaluate the efficiency of the determination of OPPs 297 ANALYTICAL SCIENCES MARCH 2007, VOL. 23 Table 3 . Dimethoate was found in the cole and malathion in the Chinese white cabbage, but another OPPs were not detected. To evaluate the precision of the measurement, we determined the repeatability of the method by performing the measurement 5 times for each vegetable. The RSD values were found to be typically below 5%. The recoveries were examined in the samples in which given amounts of analytes were determined by the proposed method. The recoveries obtained were in the range of 81.3 -98.9%, RSD values were in the range of 0.46 -4.83%, and it follows that the accuracy and precision of the proposed method for determination of dimethoate, chlorpyrifos, parathion-methyl and malathion in vegetables are satisfactory.
In this research, an effective method for separating and enriching OPPs from vegetables by solvent sublation and its determination by GC-FPD was established. Under the selected optimal conditions the recoveries were in the range of 81.3 -98.9%, RSD values were in the range of 0.46 -4.83%, and the detection limits were in the range of 1.2 -3.5 μg kg -1 . The results show that the proposed method for the determination of dimethoate, chlorpyrifos, parathion-methyl and malathion in vegetables is simple, sensitive, economical and precise, and can be used to analyze trace pesticide residues in vegetables. 
